Carbon nanotubes enhance intercalated disc assembly in cardiac myocytes via the β1-integrin-mediated signaling pathway.
Carbon nanotubes (CNTs) offer a new paradigm for constructing functional cardiac patches and repairing myocardial infarction (MI). However, little is known about how CNTs enhance the mechanical integrity and electrophysiological function of cardiac myocytes. To address this issue, we investigated the regularity and precise mechanism of the influence of CNTs on the assembly of intercalated disc (IDs). Here, single walled CNTs incorporated into collagen substrates were utilized as growth supports for neonatal cardiomyocytes, which enhanced cardiomyocyte adhesion and maturation. Furthermore, through the use of immunohistochemical staining, western blotting, transmission electron microscopy, and intracellular calcium transient measurement, we discovered that the addition of CNTs remarkably increased ID-related protein expression and enhanced ID assembly and functionality. On that basis, we further explored the underlying mechanism for how CNTs enhanced ID assembly through the use of immunohistochemical staining and western blotting. We found that the β1-integrin-mediated signaling pathway mediated CNT-induced upregulation of electrical and mechanical junction proteins. Notably, CNTs remarkably accelerated gap junction formation via activation of the β1-integrin-mediated FAK/ERK/GATA4 pathway. These findings provide valuable insight into the mechanistic effects that CNTs have on neonatal cardiomyocyte performance and will have a significant impact on the future of nanomedical research.